Endophytic fungi have the potential to protect their host plants in stress situations. Characterizing the ecology and complex interaction between these endophytes and their host plants is therefore of great practical importance, particularly in horticultural plants. Among horticultural plants, fruit trees form a special category because of their longevity and because they are composites of rootstock and scion, which often belong to different plant species. Here we present the first characterization of culturable endophytic fungal community of sweet cherry. Samples from the Hungarian cultivar 'Petrus' grafted on 11 different rootstocks were collected in autumn and in spring in a bearing orchard and the dependence of colonization rate and endophyte diversity on rootstock, organ and season was analysed. On the basis of their ITS sequences 26 fungal operational taxonomic units were identified at least down to the genus level. The dominant genus, comprising more than 50% of all isolates, was Alternaria, followed by different Fusarium and Epicoccum species . We observed some organ-specificity amongst endophytes, and organs showed more sizeable differences in colonization rates and endophyte diversity than rootstocks. Most dynamic endophyte populations, strongly influenced by environmental conditions and crop management, were observed in leaves. The potential of selected endophytes to confer protection against Monilinia laxa was also analysed and 7 isolates were found to inhibit the growth of this pathogen in vitro.
INTRODUCTION
Endophytes and among them, endophytic fungi, seem to be ubiquitous in plants and may play a major role in the productivity of the ecosystem as well as in nutrient cycling [34, 41] . Endophyte infection is assumed to remain asymptomatic, although the host-endophyte interrelation is complex and may range from mutualism to antago-Acta Biologica Hungarica 67, 2016 nism depending on environmental conditions [1] . Evidently, fungal symbionts have a pivotal impact on plant survival and fitness and are probably able to induce augmented host tolerance to different kinds of stresses such as drought, salinity, heat shock and abiotic agents [5, 33] . Moreover, endophytes may contribute to the host plant's defence against natural pathogens and may even protect the host from insect herbivores by indirect mechanisms [26] . Empirical evidence demonstrates that reciprocal cooperation between host and fungal symbiont is species-specific and strongly related to the phylogenetic diversity of both partners [1, 3, 13] .
Fungal endophytes are generally divided into two major groups based on their genotypic diversity and ecological functions as well as on the potential competency for localization within specific individual hosts or plant tissues. C-endophytes (clavicipitaceous) have been studied primarily in grasses. They usually infest the host plant as one dominant fungal isolate/genotype and are vertically transmitted from maternal plants to offspring via seed infection. They confer benefits to the host in a host-specific manner which also depends on environmental conditions. Non-clavicipitaceous (NC-) endophytes exhibit a remarkable diversity. They display less host-specificity and are divided into three subclasses according to their biodiversity and transmission route (vertical or horizontal).
The reciprocal interface between plant and endophytic fungi is based on an array of intricate factors which have yet to be investigated to improve the existing knowledge about the role of fungal endophytes in terrestrial ecosystems [4, 34] . Many existing studies demonstrate that endophytic fungi can exhibit various levels of host and tissue specificity, but may show temporal and spatial, i.e. environment-dependent, variations in terms of their abundance and community structure [2, 10, 12, 46] . Recent results suggest that genetic differences in a given host species can also shape the structure of endophyte communities, which may feedback to influence plant growth and fitness [25] . In addition, it has been shown that agrotechnology may also influence endophyte communities and organically managed farms have a higher frequency and higher taxon diversity than integrated production systems [15, 29] .
However, very little is known about the distribution of fungal endophytes, the structure of their assemblages and their potential impact on plant-pathogen interaction in fruit trees which are usually grafted. Grafting is a common and continuously expanding practice in all fields of horticulture. Many horticultural plants are therefore composites of rootstock and scion, which can belong to two genetically different species. In addition, depending on climatic and agronomic requirements, scions of a given species are often combined with different rootstocks to obtain optimal growth and yields.
The present study was designed to characterize the fungal endophytes' diversity and the composition of their assemblage in the sweet cherry cultivar 'Petrus' grafted onto 8 different Prunus mahaleb rootstocks as well as onto wild P. avium and on the dwarfing rootstocks 'GiSelA 6' (P. cerasus × P. canescens) and 'Prob' (P. fruticosa Pall. forma aucta Borb.). This is, to our knowledge, the first detailed analysis of fungal endophytes in sweet cherry. We isolated culturable endophytic fungi from roots, from <1 year old shoots and from leaves at 3 different sampling times and identified Acta Biologica Hungarica 67, 2016 them on the basis of morphological features and by comparing their ITS sequences. In addition, we identified several fungal isolates which led to growth inhibition of the fungal pathogen, Monilinia laxa in dual culture in vitro. Preliminary results of one sampling time were published earlier [18] . Re-evaluated data from this publication are included in statistical analyses of the present paper for comparison.
MATERIALS AND METHODS

Site conditions
Plants were grown in the Research and Experimental Farm of Szent István University of Budapest. The station (19°03'01'' LE and 47°28'19'' LN) is located in Budapest, Central Hungary, 103 m above sea level. In terms of climate, the site belongs to the continental Great Hungarian Plane with a yearly average temperature of 11.3 °C and 2079 h of total sunshine. Average annual rainfall is about 550 mm, falling mainly in May and June. The soil is light sandy. The experimental orchard was planted in 2004 at a spacing of 4 × 2 m. The sweet cherry cultivar 'Petrus' grafted on different rootstocks was planted in randomized plots; trees were trained to Hungarian spindle [22] . 
Plant material and sample collection
Root, shoot and leaf samples were collected form the Hungarian sweet cherry cultivar 'Petrus' grafted on 8 different P. mahaleb rootstocks, on P. avium, on 'GiSelA 6' (P. cerasus × P. canescens) or on 'Prob' (P. fruticosa Pall. forma aucta Borb.). Six of the P. mahaleb rootstocks, i.e. 'Erdi V', 'SL64', 'Egervar', 'Korponay', 'SM11/4' and 'CEMANY' were seedlings, while 'Bogdany' and 'Magyar' are clonally propagated. 'GiSelA6' and 'Prob' are dwarfing rootstocks [21] . Samples were taken from randomly selected trees in October 2008, May 2009 and in October 2009. In total 110 trees were sampled. The same individual plants were used for our study during all sampling periods, 2-2 samples were collected from each tree and organ. The sampled tissues were young roots of a length of 10 cm and a diameter of ≈2 mm, fully differentiated leaves and the uppermost 10 cm of green or maximally one year old shoots. Samples were stored in plastic bags at 5 °C for 1-6 hours.
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Tissue preparation and single spore isolation of endophytic fungi Samples were thoroughly cleaned and then sterilized in 96% ethanol for 1 min, in 3% hypochlorite for 10 min and again in 96% ethanol for 1 min. After washing twice with sterile distilled water roots and shoots were cut into 10 mm long pieces, leaves to discs of ~10 mm diameter. Potato Dextrose Agar (PDA) and Malt Extract Agar (MEA) were used as pre-culturing media. 10 segments of each organ were transferred to PDA plates supplemented with 1 g/l chloramphenicol. Plates were incubated at 22 °C and colonies were observed after 1-2 weeks. Single spore isolation of endophytic fungi was performed according to the method described by Choi et al. [8] .
Morphological characterization
Cultures on both PDA and MEA media were assessed according to their morphology. Colony appearance, mycelium color and structure, shape of conidiomata, conidia and conidiophore (size, color, ornamentation, etc.) and conidiogenous cells were observed for morphological classification of isolated fungi.
PCR amplification and sequencing of the ITS region
Total DNA was extracted from fungal components by applying a modified CTAB method [9] . Amplification of total Internal Transcribed Spacer (ITS-1 + 5.8SRNA + ITS-2) region was performed using fungal domain specific ITS1 and ITS4 primers [43] . Closely related reliable nucleotide sequences were searched by BLAST algorithm in GenBank. Identification was performed to the genus or species level.
Data analysis
Colonization rate was calculated as the total number of organ fragments infected by one or more endophytic fungus divided by the total number of fragments. Isolation rate was defined as the quotient of the total number of colonies isolated from an organ and the total number of explants from that organ. To analyse the potential rootstockdependence of the colonization rate, χ 2 test was made which was followed by post hoc z tests for pair-wise comparison applying the Bonferroni correction. Possible differences in number and diversity of fungal endophytes recovered from each rootstockscion combination at the three sampling times were also considered. Species richness (S) was calculated for diversity analysis. Shannon index (H), Shannon-Weaver index (e H' ) and Simpson's diversity index (1-D) were used to compare the diversity of endophyte species in the three examined organs and in different rootstocks by two-way ANOVA models. Normality of residuals and homogeneity of variances were checked by Kolmogorov-Smirnov's or Levene's tests, respectively (p > 0.05). Endophytic
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fungal colonies which could not be identified by morphological or molecular methods were omitted from calculations.
Analysis of endophyte -pathogen antagonism by dual culture method
A dual culture method was applied to assess the antagonism of endophytic fungi to Monilinia laxa Aderh. et Ruhl., a relevant fungal pathogen of sweet cherry. M. laxa was kindly provided by Géza Nagy (Department of Plant Pathology, Szent István University of Budapest, Hungary).
Inocula of the selected endophyte and the pathogen were aseptically planted 40 mm apart from each other on a Petri dish (d = 90 mm) containing 30 ml fresh PDA medium. Inocula of the endophyte and the pathogen -placed separately on Petri dishes -were used as controls. All plates were incubated at 28 °C for 15 days. Five replicates were used for each plate.
Daily horizontal growth was calculated from the average of daily growth from day 2-7 in the first, and from day 9-14 in the second week.
RESULTS
Isolation and dynamics of culturable endophytic fungi in sweet cherry
To identify culturable endophytic fungi living in cherry trees, samples were collected from roots, young shoots and from fully differentiated leaves of the sweet cherry cultivar 'Petrus' grafted on 11 different rootstocks (8 of them P. mahaleb). In three seasons (October 2008, May 2009 and October 2009) a total of 9823 tissue segments were examined: 3397 from roots, 3233 from young shoots and 3193 from leaves. Of these 1944 fungal endophytes grew out from root, 3427 from shoot and 1216 from leaf inocula. All in all we obtained 6587 fungal isolates. First we analysed the colonization and isolation rates in different organs (Fig. 1) . The highest colonization rates were found in young shoots (in average 78.3%), the lowest in leaves (32.5%). The colonization rate of roots was 47.5% on average. Although we observed considerable differences between sampling times, we found no systematic season-dependent changes in roots. In contrast, colonization rates exhibited significant disparity in shoots and leaves between seasons and were lowest in May in all rootstock-scion combinations (Fig. 1) . We observed an unusually high enhancement of colonization rates in all leaves in autumn 2009 (see Fig. 1 ). Since this may be connected to crop management, we would like to point out that trees were headed in summer 2009 and no fungicide treatment was applied thereafter (see in Material and Methods).
It is well known that rootstocks can influence physiological features, growth and productivity of a scion, therefore we wanted to find out whether such effects can be observed in colonization by endophytic fungi as well. Since we observed no obvious differences at first glance (Fig. 1) , and pair-by-pair comparison revealed a very com-Acta Biologica Hungarica 67, 2016 Fig. 1 . Organ-and season-dependent changes of colonization of sweet cherry by endophytic fungi. The cultivar 'Petrus' was grafted on the rootstocks given on the x-axis. Samples were taken twice in autumn and once in spring from young shoots, roots and leaves. Colonies of cultivatable filamentous fungi grown on PDA medium were counted to calculate the colonization rates. On average, highest colonization rates were observed in shoots, followed by roots, while colonization was extremely variable in leaves Acta Biologica Hungarica 67, 2016 plex pattern we could not answer this question unambiguously. However, pair-wise comparison in the P. mahaleb rootstock group showed significant differences in colonization rates in 16.7% of all pairs, while when any of the eight P. mahaleb rootstocks were compared to the other 3 rootstock species, 22.2% of pairs differed significantly (results not shown). As expected, highest similarity was observed when data for roots in the P. mahaleb group were compared. P. avium behaved like the P. mahaleb rootstocks, but GiSelA6 and Prob were different.
Identification and distribution of endophytic fungi
Fungal isolates were morphotyped and representative members of the groups were molecularly identified on the basis of their ITS sequences. An overview of the identified taxa is presented in Table 1 , their distribution in different rootstock-scion combinations is shown in Fig. 2 . Twenty-six isolates were identified at least down to the genus level. The dominant genus, comprising more than 50% of all isolates, was Alternaria, followed by different Fusarium species and Epicoccum sp.. In case of Alternaria, two ITS sequences, consequently differing in just one nucleotide were found. We therefore believe that at least two operational taxonomic units (OTUs), Alternaria sp. 1 and sp. 2 were present, more or less evenly distributed in all organs investigated. Since we could not differentiate unequivocally between these OTUs by morphotyping, in our further analysis we treated them as one OTU. Examples for taxa showing exclusive or dominant association with roots are Paraphoma sp. which occurred only, and Davidiella mainly in this organ, while Macrophomina and Xylaria were detected only in shoots and leaves, respectively. Alternaria sp.1, Davidiella sp., Paraphoma sp., Acremonium sp. and Fusarium sp.1, were frequently isolated from root samples in all seasons. The highest number of identified taxa was found in roots (16 taxa), closely followed by shoots (13 taxa). Despite the high colonization rates in the second autumn only 8 taxa were detected in leaves (Table 2) . Alternaria spp. was dominant in leaves in most combinations, followed by Rosellinia, Xylaria and Fusarium spp. in autumn 2008, spring 2009 and autumn 2009, respectively (Fig. 2) .
To identify possible statistically significant differences between rootstocks and/or organs we calculated three commonly used species diversity indexes [the ShannonWeaver's (e_H'), the Simpson's (1-D) and the Species Richness (S) Index] by two-way ANOVA model to describe the eleven rootstocks and the three tissue types (Table 2) . When using the Shannon-Weaver index no significant differences were detected between rootstocks and between tissue types (F ( 
Growth retardation of Monilinia laxa by endophytic fungi
The roles of endophytic fungi and their physiological effects on the host plants range from mutualistic, protective action to pathogenic potential [31, 19] . It has been suggested that endophytic fungi confer resistance to plant pathogens by direct and/or indirect inhibition of pathogenic microorganisms and by ecological effects [27, 45] . A common method to evaluate antagonistic activity of endophytic fungi against plant pathogens is the in vitro dual culturing [7] . We applied this method to find out whether any of our isolates are able to inhibit growth of M. laxa, the economically most important fungal pathogen of sweet cherry. Since M. laxa is a fast growing pathogen, we first performed a pilot experiment and selected endophyte isolates showing comparably vigorous growth in vitro as well as inhibiting activity. Seven endophytic species, Rhyzopycnis, Epicoccum, Alternaria sp.2, Fusarium sp.4, Embellisia, Cerato basiudium sp.1 and Botrytis were chosen and grown in dual cultures with M. laxa. Horizontal growth was measured every day, and the average of daily growth was calculated for days 2-7 and 9-14, respectively. During this period of time M. laxa exhibited a constant daily growth rate. As shown in Fig. 3 , all investigated endophytic fungi inhibited the growth of the pathogen, although the extent of inhibition was different. 
DISCUSSION
In this study we completed the first broad comparison of culturable endophytic fungal communities in different organs of sweet cherry under orchard conditions. Samples were collected in two consecutive years in spring and autumn from roots, shoots and leaves. In addition to seasonal or organ-dependent variation we also investigated whether the different rootstocks on which the sweet cherry cultivar 'Petrus' was grafted have measurable influence on abundance and diversity of endophyte populations under our conditions In total we identified 26 fungal taxa, most of them belonging to the Pleosporales and Hypocreales order. Two Alternaria OTUs, Alternaria sp. 1 and Alternaria sp. 2 representing 51.7% of all isolates, dominated the populations, followed by five Fusarium OTUs (14.5%) and by Epicoccum (8.2%). Alternaria spp. have been described as the most common endophytes in several plants and were shown to inhibit different plant pathogens [15, 20, 29, 39] . In our experiments two Alternaria OTUs were identified, but since only six selected colonies of the morphotyped isolates were subjected to ITS sequence analysis, further, more detailed analysis is needed to clarify how diverse these groups are. Fusarium is a serious plant pathogen, but many non-pathogenic endophytic Fusarium isolates have been reported in the literature [24] . E. nigrum has also been described as frequently occurring endophyte, mostly detected in phylloplane environment that is in good agreement with our findings in sweet cherry (see Table 1 ; [11, 28] ). While Alternaria, Fusarium and Epicoccum were detected in roots, shoots and leaves, the presence of several other endophytes seems to be organ specific. The major, apparently root-specific fungi were Acremonium, Davidiella and Paraphoma. Acremonium root endophytes were shown earlier to reduce disease incidence and severity of root-rots and soil-borne wilt diseases and nematode reproduction in several plants [16] . Davidiella sp., the telomorph of Cladosporium, is cosmopolitan and has been found in association with different substrata and as an endophyte of plants in temperate and antarctic regions [35, 38] . Some Cladosporium species are used as biocontrol agents and were also shown to stimulate growth and root development [30] . As observed in our experiments in sweet cherry, Cladosporium is not exclusively localized in roots, but occurs in leaves as well. Paraphoma sp. was also shown to promote plant growth and to play a role in protection against heavy metal stress [44] .
Like in roots, we also observed twig-and leaf-specific association of endophytic fungi in sweet cherry. In shoots Macrophomina and Chetomium were found frequently, without any sign of disease symptoms (Table 1) . M. phaseolina is known as a global devastating necrotrophic fungal pathogen causing charcoal rot disease and infecting more than 500 plant hosts, including major food crops [40] . Rosellinia, Xylaria (both Xylariales order) and Pyronema (Pezizales order) were isolated exclusively from leaves of sweet cherry. Organ-specific association of endophytic fungi has been described for several plants in the literature (see review by Berg et al. [6] ).
In addition to differences between organs, we also observed differences between sampling events. In spring, culturable fungi were detected in only about 5% of samples (Fig. 2) , possibly resulting from the usage of fungicides to prevent monilinia infection. In autumn, colonization was generally higher in both years, but a roughly 4-fold enhancement was observed in the second year. Working under natural conditions in a bearing orchard, environmental factors like weather conditions are to be expected to influence endophyte community structure [37] . However, we believe that orchard management also played a decisive role in the enhancement of colonization. In the first year, to fight a Blumeriella infection in the orchard, repeated fungicide treatment was applied, that possibly reduced the number of endophytic fungi in the phyllosphere. In the second year no such treatment was necessary. The use of fungicides is known to significantly reduce colonization of apples by endophytic fungi, while enhancing the endophytic bacterial population [42] . An additional factor in our experiments was the heading of sweet cherry trees in summer of the second year, i.e. the removal of the upper 1.5 m of the crown to allow hand-picking of the fruits in the following years. Both this massive intervention in the physiological state of the trees and the lack of fungicide treatments might have contributed to multitudinous fungal colonization of leaves. A small enhancement of colonization was also observed in shoots, but not in roots (Fig. 2) . Interestingly, only the colonization rates were enhanced, the species richness of endophytic fungal population remained consist-ently lower than that of roots or shoots. The composition of the population, however, was altered, and mainly Fusarium and Epicoccum were prevalent besides the dominating Alternaria spp. in autumn 2009, while Davidiella, Rosellinia and Xylaria sp. which were present during the two previous sampling times, were not detected. Similar restructuring of endophytic communities was seen by Rajala et al. [32] , who observed variations in community structure and ITS copy number, but not in species richness in leaves. Although further experiments are needed to decide whether heading, i.e. the removal of a large part of photosynthesizing tissue alone would support such strongly fungal colonization, we would like to mention that in birch forests defoliation by moth outbreaks has been shown to have a beneficial effect even on endophytic fungi of the rhizosphere [36] .
Grafting is of great importance in horticulture, however, the effect of rootstocks on endophyte communities has not yet been analyzed systematically in the literature. According to our results, the fungal community structure pattern of the studied sweet cherry -rootstock combinations seems to be influenced by physiological attributes of the organ, temporal changes and by orchard management rather than by rootstockdependent genetic variation of the host. In general, endophytic fungi had colonized twigs more densely than other tissues, although the infection level in twigs had a slight decline during the second sampling period. The abundance of recovered colonies and the density of endophyte infection in the root were slightly lower than in twigs, but much higher than in leaves. To identify differences between rootstocks we compared the eleven rootstocks according to the Shannon-Weaver's (e_H'), the Simpson's (1-D) as well as the Species Richness (S) Index values ( Table 2 ). Significant differences were found primarily between tissues, using all three indexes, and these differences where enhanced when applying Tukey's post-hoc test. Whereas we only observed differences between rootstocks (F(10; 20) = 2.9, p < 0.05) in species richness index. Tukey's post-hoc test detected significant differences between Gisela (a) together with P. avium (a) and Érdi (b) together with SM11/4 (b). All the other rootstocks were not significantly different from any other rootstocks (ab). Thus, if there is a rootstock effect on the community structure of culturable endophytic fungi in sweet cherry, it is not very strong and may be masked by other, more influential factors under natural orchard conditions. Protection of a plant host against a pathogen, a herbivore or even against an abiotic stress by endophytes has been described [39] . In sweet cherries M. laxa is the most important fungal pathogen. In a pilot study we identified 7 isolates which inhibit the growth of M. laxa. in dual culture on PDA medium. These organisms are obvious candidates for future applications, provided that they are also able to inhibit pathogen growth in trees or fruits in vivo, and that they remain apathogenic.
So far, the pattern of fungal endophyte diversity and phylogenic characteristics of different taxa which constitute the structure of endophytic communities on sweet cherry trees, have not been documented. Results of the present study give the first overview of community structure and dynamics of culturable fungal endophytes under orchard conditions and indicate the influence of crop management. To provide a comprehensive insight into the elements which shape host-endophyte interaction in Acta Biologica Hungarica 67, 2016 cherry trees, further investigations should be extended to the identification of nonculturable fungi by NGS and should be carried out under controlled environmental conditions as well.
